Background: The aim of this study is to evaluate the clinical impact of intravesical Bacillus Calmette-Guérin (BCG)-induced changes in blood/urinary immune markers. Methods: Time-course changes in blood/urinary clinical parameters and mRNA expression of 13 genes in urine sediment taken eight times during the treatment course of intravesical BCG (before, every 2 weeks for 8 weeks, and after) in 24 patients with non-muscle invasive bladder cancer. The genes examined include cellular markers of four immune checkpoint proteins (PD-L1, PD-L2, PD-1, and CTLA-4), immunosuppressive cells (regulatory T cells, tumor-associated macrophages, and myeloid-derived suppressor cells), pan-T lymphocytes, B lymphocytes, and neutrophils. Results: Significant transient increase in gene expression was observed for PD-L1, PD-1, FOXP3, and CD204 at 6-8 doses of BCG. The patients were stratified into two groups depending on the number of genes with increased mRNA expression. Fourteen (58%) had 0-1 genes upregulated, while 10 (42%) had 2-4 genes with increased expression. No patient in the 0-1 group experienced recurrence, while 70% of patients in the 2-4 group experienced recurrence (p value = 0.037, hazard ratio = 5.93). Conclusions: Our findings suggested that increases in more than one of PD-L1, PD-1, FOXP3, and CD204, expression in the urine sediments was associated with resistance to BCG treatment.
Introduction
Several guidelines including European Association of Urology (EAU) [1] , American Association of Urology (AUA) [2] , and The International Bladder Cancer Group (IBCG) [3] recommend intravesical instillation of Bacillus Calmette-Guérin (BCG) as adjuvant therapy for non-muscle invasive bladder cancer (NMIBC), after transurethral resection of bladder tumor (TURBT). Due to the heterogeneous clinical and biological behavior of urothelial carcinoma (UC) of the bladder, 30-50% of patients have intravesical recurrence and 15-30% experience disease progression to muscle invasive bladder cancer (MIBC) in spite of BCG treatment [4, 5] .
A delay in radical cystectomy (RC) leads to a shortened disease-specific survival time when compared to early RC, at the time of NMIBC [6] . Therefore, there is an urgent need for biomarkers to predict patient response to intravesical BCG. In spite of much research exploring the possible mechanisms underlying BCG-induced antitumor activity and relevant molecules [7] [8] [9] , its biologic effects remain relatively unknown. Briefly, BCG is internalized into urothelial cells thorough complex formation with fibronectin, followed by induction of the Th1 cytokine response. Pro-inflammatory cytokines are secreted to recruit a Th1-induced immunoreaction with recognition of cancer cells through the activation and/or recruitment of mononuclear cells, polymorphonuclear neutrophils, CD8+ T-cells, and natural killer cells [5, 10] . Recent evidence has demonstrated that the pre-BCG baseline status of Th1/Th2 balance, degree of regulatory T cell (Treg) recruitment, and tumor-associated macrophage (TAM) polarization in the tumor microenvironment can influence the response to intravesical BCG [5, 9, 11, 12] . Myeloid-derived suppressor cell (MDSC) is one of the emerging key immunosuppressive cells. Two preclinical studies have shown that the reduction of MDSCs in orthotopic bladder tumors was correlated with prominent tumor growth inhibition by BCG treatment [13, 14] . We hypothesized that the induction of these immunosuppressive cells during BCG treatment may attenuate the antitumor immune response, increasing the probability of intravesical recurrence and progression.
It is currently understood that the most important predictor of clinical response to BCG is a host's ability to generate an appropriate immune response [15] . Although BCG-induced changes in the number of urinary leukocytes, levels of inflammatory cytokines in urine supernatant, and expression of inflammasome-related genes in urine sediment have been investigated [10, [15] [16] [17] [18] , there is still a significant lack of studies on using inducible immunosuppressive factors to predict the clinical outcome after BCG treatment. Therefore, we conducted a prospective study to evaluate the clinical impact of intravesical BCG-induced changes on blood immune markers, urine immune cells, and expression level of immunosuppressive cell markers in urine sediment.
Materials and Methods

Patients Treated with Intravesical Instillation of Bacillus Calmette-Guérin
The ethics committee of the Nara Medical University approved this study, and all participants provided informed consent (reference ID: 1297). A total of 24 patients with diagnosed non-muscle invasive UC of the bladder receiving intravesical BCG after TURBT were enrolled in this study. TURBT was carried out according to a standardized procedure used by all surgeons at the single institute [4] . All patients received an induction course of intravesical BCG (BCG Tokyo 172 strain; Japan BCG Laboratory Tokyo, Japan) once weekly for 8 weeks. No patients underwent maintenance intravesical BCG. A single treatment of immediate post-TURBT chemotherapy with anthracyclines was given to a subset of the cohort. Basically, patients with suspected papillary and solitary low-grade disease were treated with immediate post-TURBT intravesical chemotherapy. All hematoxylin and eosin-stained specimens obtained from the initial TURBT were assessed by 2 experienced uropathologists (T.F.) for the T category (2010 American Joint Committee on Cancer TNM Staging system), tumor grade (2004 WHO classification), and carcinoma in situ (CIS). Follow-up was performed according to our institutional protocol [4] .
Collection of Data and Samples
Blood and urine samples were collected before TURBT (pre-TURBT), immediately before BCG treatment (pre-BCG as the baseline), immediately before intravesical BCG at 2 doses of BCG, at 4 doses BCG, at 6 doses of BCG, and at 8 doses of BCG. After the completion of induction course, blood and urine samples were collected at 1, 3, and 6 months. In total, 200-mL of fresh voided urine samples were obtained and 10 mL of these was subjected to the standard urinalysis. An automated urine flow cytometer, Sysmex UF-1000i (Sysmex Medical Electronics Co, Kobe, Japan), was used to detect particles in urine, including white blood cells and red blood cells. The remaining urine was centrifuged at 400× g for 5 min at 20 • C. The supernatant was carefully decanted and the urine sediment was snap frozen. Both the supernatant and the pellet were stored at −80 • C prior to analysis.
Data collected included the level of hemoglobin, platelet count, white blood cell count and its five fractions, neutrophils, lymphocytes, monocytes, eosinophils, and basophils. Three inflammation-based markers, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and monocyte-to-lymphocyte ratio (MLR) were calculated from the data.
Real-Time Reverse Transcription PCR (RT-PCR) of Urine Sediment
Peripheral blood lymphocytes from healthy volunteers were obtained as a standard control. Total RNA was extracted from urine sediment and peripheral blood lymphocytes and real-time Reverse Transcription PCR (RT-PCR) was performed, as previously described [19] . Time-course changes in mRNA expression of 13 genes in urine sediment were taken eight times during the treatment course of intravesical BCG (pre, every 2 weeks for 8 weeks, and after) in 24 patients with non-muscle invasive bladder cancer. The genes tracked included cellular markers of immune checkpoint proteins, immunosuppressive cells (Treg, TAM, and MDSC), pan-T lymphocytes, B lymphocytes, and neutrophils. Relative fold change in gene expression from the baseline (pre-BCG) was calculated after normalization by the combination of β-actin (assay ID: Hs01060665_g1) and GAPDH (assay ID: Hs02786624_g1) using the relative standard curve method. The values of peripheral blood lymphocytes were set to 1.0.
Statistical Analysis
The value at each treatment time point was expressed by mean ± standard deviation (SD) and median with IQR. Although all the values were normally distributed, the graphical data for the time-course changes was presented with mean ± SD for convenience. The values were compared with the pre-BCG baseline using a non-parametric test, the Wilcoxon signed-rank test. Intravesical recurrence-free survival (RFS) was estimated using the Kaplan-Meier method and compared using the log-rank test. PRISM software version 7.00 (GraphPad Software, Inc., San Diego, CA, USA) was used for statistical analysis and plotting the data. A p value < 0.05 was considered statistically significant.
Results
Patient Characteristics
Clinicopathological characteristics of the 24 patients enrolled in this study are shown in Table 1 . Median age was 75 years-old (range, 58-86). Out of 24 patients, 2 (8.3%) were female, 7 (29%) had recurrent NMIBC on enrollment into this study, and 5 (21%) had concomitant CIS. After the completion of BCG induction treatment, seven (29%) experienced intravesical tumor recurrence during the follow-up period (median, 13 months). Six out of 24 patients (case nos. 4, 6, 16, 21, 23 , and 24) with suspected primary or recurrent low-risk diseases were treated with immediate post-TURBT intravesical chemotherapy. Progression from Ta low-grade tumor to T1 high-grade tumor was only seen in one patient (case no. 6), who was treated with an early radical cystectomy. 
Changes in Blood and Urine Clinical Parameters
Time-course changes in blood and urine clinical parameters before, during, and after intravesical BCG are summarized in Table 2 . Line plots of the time-course changes are included as Figure 1 and supplementary Figures S1 and S2. Significant increases in the blood counts of neutrophils, monocytes, basophils, and platelets were observed after intravesical BCG. The neutrophil, monocyte, and platelet counts peak at 6-8 doses of intravesical BCG. The increased values had returned to baseline levels within 1 month of the completion of intravesical BCG. No significant change was observed in the urine counts of white and red blood cells during intravesical BCG, partly because the pre-BCG baseline values were high (average, 419 and 83 cells/µL, respectively). One month after the completion of intravesical BCG, there was a significant decrease in urine white and red blood cell counts, but they remained positive even at 6 months post-treatment. 
Time-course changes in blood and urine clinical parameters before, during, and after intravesical BCG are summarized in Table 2 . Line plots of the time-course changes are included as Figure 1 and supplementary Figures S1−S2. Significant increases in the blood counts of neutrophils, monocytes, basophils, and platelets were observed after intravesical BCG. The neutrophil, monocyte, and platelet counts peak at 6−8 doses of intravesical BCG. The increased values had returned to baseline levels within 1 month of the completion of intravesical BCG. No significant change was observed in the urine counts of white and red blood cells during intravesical BCG, partly because the pre-BCG baseline values were high (average, 419 and 83 cells/µL, respectively). One month after the completion of intravesical BCG, there was a significant decrease in urine white and red blood cell counts, but they remained positive even at 6 months post-treatment. 
Changes in mRNA Expression of Immune Cell Markers in Urine Sediment
Time-course changes in the mRNA expression of immune cell markers in voided urine sediment before, during, and after intravesical BCG are summarized in Table 3 . Line plots of the time-course changes are found in Figure 2 and supplementary Figures S3 and S4 . A significant increase in the expression of all four immune check point proteins, Forkhead box protein 3 (FOXP3), and CD204 was observed after commencement of intravesical BCG. Their expression peaked at 6-8 doses of intravesical BCG. The increased expression had returned to baseline levels by 1-3 months after the completion of intravesical BCG. CD3E, a marker of pan-T lymphocyte, still showed a significant increase in expression even 6 months after the completion of BCG. In contrast, the markers for MDSC, B lymphocytes, and neutrophils did not show any significant change during treatment.
Time-course changes in the mRNA expression of immune cell markers in voided urine sediment before, during, and after intravesical BCG are summarized in Table 3 . Line plots of the time-course changes are found in Figure 2 and supplementary Figures S3, S4 . A significant increase in the expression of all four immune check point proteins, Forkhead box protein 3 (FOXP3), and CD204 was observed after commencement of intravesical BCG. Their expression peaked at 6-8 doses of intravesical BCG. The increased expression had returned to baseline levels by 1-3 months after the completion of intravesical BCG. CD3E, a marker of pan-T lymphocyte, still showed a significant increase in expression even 6 months after the completion of BCG. In contrast, the markers for MDSC, B lymphocytes, and neutrophils did not show any significant change during treatment. Neutrophil Elastase-1 Mean ± SD 2 ± 2.9 4 ± 3.9 3.4 ± 3.5 3.4 ± 3.7 2.9 ± 2.4 2.4 ± 1.9 2.5 ± 2.9 1.8 ± 3. 
Prognostic Role for Increased mRNA Expression of Immune Suppressive Markers in NMIBC Patients Treated with Intravesical BCG
We hypothesized that increased levels of immune suppressive gene expression after commencement of BCG would be associated with a clinical outcome, namely intravesical recurrence-free survival. A transient increase was found for many parameters after intravesical BCG (Tables 2 and 3) . Among the parameters with a significant change, most of those showed a peak at 6-8 doses of BCG, with the majority returning to baseline values over time. We picked nine parameters which showed a significant increase at 6-8 doses of BCG. The difference between the baseline and 6 doses of BCG was calculated and indicated by '∆name of parameter' (Table 4) . For mRNA expression in urine sediment (relative values of peripheral blood lymphocytes from healthy volunteers), median change in ∆Programmed death-ligand 1(PD-L1), ∆Programmed death-ligand 2 (PD-L2), ∆Programmed death-1(PD-1), ∆Cytotoxic T-lymphocyte antigen 4 (CTLA-4), ∆FOXP3, and ∆CD204 expression were +4.2, +2.6, +0.50, +0.56, +1.20, and +0.23, respectively. The cutoff points for change after BCG were determined using the median values for the parameters. The gene-specific TaqMan primer and probe sets used in this study are shown in Table 3 . Although no parameter was associated with a significant change in intravesical recurrence, of the six immunosuppressive genes tested in this study, higher levels of ∆PD-L1, ∆PD-1, ∆FOXP3, and ∆CD204 expression showed a negative impact on favorable clinical outcome (Table 4) . Given the association between elevated levels gene expression and clinical outcome, NMIBC patients treated with intravesical BCG were stratified into two groups based on the number of genes with increased mRNA expression: 0-1 and 2-4. Of the 24 patients, 14 (58%) had 0-1 and 10 (42%) had 2-4 genes with increased expression. No patients who had none or one upregulated gene experienced intravesical recurrence, while 70% of patients having 2-4 upregulated genes experienced at least one recurrence. The CEUTO recurrence scoring model did not show the better stratification compared to the profile of four upregulated genes (Table 3) . NMIBC, non-muscle invasive bladder cancer; HR, hazard ratio; CI, confidence interval; † estimated using the Kaplan-Meier method and compared using the log-rank test.
Discussion
The present study demonstrates the association between poor clinical outcomes and a transient increase in immunosuppressive cell-related gene expression in urine sediment during intravesical BCG. Since intravesical BCG was introduced in 1976 [20] , no molecular biomarkers for predicting response to the treatment have been widely accepted in the clinical setting. To date, there is little evidence of association between resistance to intravesical BCG and immunosuppressive proteins, such as immune check point molecules, or immune suppressive cells such as Treg, TAM, and MDSC cells. We recently reported that increased counts of Treg and TAM in the baseline tumor immune environment are associated with shorter intravesical recurrence-free survival in NMIBC treated with intravesical BCG [5] . Similar results have been reported by Pichler et al. and Suriano et al. [9, 12] .
Many studies which focus on tumor markers seem to ignore the intrinsic therapeutic mechanism of intravesical BCG. A host's capability and potential to generate an appropriate immune response are essential to achieve BCG-related clinical efficacy. Sanchez-Carbayo et al. evaluated the potential role of serial urinary interleukins (ILs) as a surveillance biomarker for treatment of NMIBC [18] . Although elevated levels of urinary cytokine IL-2 were associated with a favorable response to intravesical BCG, elevated levels of the non-specific cytokines IL-6 and IL-8 were observed due to concurrent urinary tract infections. Kamat et al. conducted a clinical trial of 130 patients with NMIBC treated with BCG according to the Southwest Oncology Group protocol [15] . Their analysis focused on the changes in urinary levels of nine out of 12 tested cytokines from pre-BCG baseline values. A nomogram constructed from the nine inducible cytokines (IL-2, IL-8, IL-6, IL-1ra, IL-10, IL-12, IL-12, TRAIL, and TNF-α) successfully predicted the recurrence rate with an accuracy of 85.5%. These results suggest the potential of using changes in inducible factors after intravesical BCG as a tool for identifying patients at risk of tumor recurrence and progression. A combination of cytokines, e.g., a panel of cytokines or nomogram, may be required for better accuracy. The recent clinical success of immune check point antagonists targeting the PD-1/PD-L1 axis and CTLA-4 provides a clear paradigm shift in drug development [21] . This development raises the possibility that monitoring immune check point molecules and/or immunosuppressive cells could also be useful tools for predicting the treatment efficacy of immunotherapies. To address the lack of tools predicting the clinical outcome of BCG treatment, we conducted a prospective clinical trial to determine the extent to which the inducible level of immunosuppressive cell markers in urine sediment during intravesical BCG predicts recurrence.
Our analysis included the post-treatment change of clinical blood and urine parameters such as white blood cells, neutrophils, platelets, and NLR. Among the parameters tested, the count of blood platelets showed the biggest increase after intravesical BCG (Table 2) . There is currently a large body of evidence that platelets play central roles in inflammatory reactions [22] . Platelets not only enhance vascular permeability and leukocyte infiltration into the stromal tissue but also modulate the effector functions of neutrophils and macrophages. Because intravesical BCG is known to involve the recruitment of neutrophils and macrophages to the bladder, it is reasonable that an increase in the count of blood platelets is one of the systemic immune responses to this therapy. While a previous study suggested that baseline levels of pyuria might be an independent predictor for the success of intravesical BCG [17] , clinical urinalysis showed that the counts of white and red blood cells were not significantly affected by intravesical BCG.
Although the relationship between two immunosuppressive cells, Treg and TAM, and response to BCG treatment have been studied [5, 9, 12] , little is known about the role of MDSC in BCG treatment outcomes. Treg plays important roles in escape from response to treatments in various malignancies, leading to poor oncological outcomes [23] . Many intensive studies have demonstrated that TAM cells are markedly present in various malignancies and are involved in promoting neoangiogenesis via the production of immunosuppressive cytokines, leading to worsened oncological outcomes [24] . MDSCs are a heterogeneous population of immature myeloid cells with an immune suppressive phenotype in various malignancies [25, 26] . They exert direct effects on the innate and adaptive immune response through supporting immune escape, largely through the maintenance of a high oxidative stress environment. The recruitment of MDSC positively correlates with a diminishing effectiveness of immunotherapies, including various immune checkpoint inhibitors [25] . In the present study, we hypothesized that intravesical recurrence-free survival would be associated with the change in MDSC during BCG treatment. None of the MDSC markers, CD11b, CD14, or CD33, showed a significant increase in mRNA expression in urine sediment during intravesical BCG. This finding suggests that MDSC does not play a vital role on resistance to BCG treatment. In contrast, elevated levels of PD-L1, PD-1, FOXP3, and CD204 expression were associated with resistance to BCG treatment and a poor clinical outcome (Table 4 and Figure 3 ).
Prognostic Role for Increased mRNA Expression of Immune Suppressive Markers in NMIBC Patients Treated with Intravesical BCG
We hypothesized that increased levels of immune suppressive gene expression after commencement of BCG would be associated with a clinical outcome, namely intravesical recurrencefree survival. A transient increase was found for many parameters after intravesical BCG (Tables 2  and 3 ). Among the parameters with a significant change, most of those showed a peak at 6−8 doses of BCG, with the majority returning to baseline values over time. We picked nine parameters which showed a significant increase at 6−8 doses of BCG. The difference between the baseline and 6 doses of BCG was calculated and indicated by 'Δname of parameter' (Table 4) . For mRNA expression in urine sediment (relative values of peripheral blood lymphocytes from healthy volunteers), median change in ΔProgrammed death-ligand 1(PD-L1), ΔProgrammed death-ligand 2 (PD-L2), ΔProgrammed death-1(PD-1), ΔCytotoxic T-lymphocyte antigen 4 (CTLA-4), ΔFOXP3, and ΔCD204 expression were +4.2, +2.6, +0.50, +0.56, +1.20, and +0.23, respectively. The cutoff points for change after BCG were determined using the median values for the parameters. The gene-specific TaqMan primer and probe sets used in this study are shown in Table 3 . Although no parameter was associated with a significant change in intravesical recurrence, of the six immunosuppressive genes tested in this study, higher levels of ΔPD-L1, ΔPD-1, ΔFOXP3, and ΔCD204 expression showed a negative impact on favorable clinical outcome (Table 4) . Given the association between elevated levels gene expression and clinical outcome, NMIBC patients treated with intravesical BCG were stratified into two groups based on the number of genes with increased mRNA expression: 0-1 and 2-4. Of the 24 patients, 14 (58%) had 0-1 and 10 (42%) had 2-4 genes with increased expression. No patients who had none or one upregulated gene experienced intravesical recurrence, while 70% of patients having 2-4 upregulated genes experienced at least one recurrence. The CEUTO recurrence scoring model did not show the better stratification compared to the profile of four upregulated genes (Table 3 ). Intravesical recurrence-free survival curves. A) Stratification according to the number of upregulated genes in urine sediment after intravesical BCG. The log-rank test was used for the comparison between 0-1 (n = 14) and 2-4 (n = 10). B) Stratification according to the CUETO recurrence score. The log-rank test was used for the comparison between 0-6 (n = 9) and 7-16 (n = 15). HR, hazard ratio; CI, confidence interval. The present study has several limitations. The first is potential selection bias; for example, some patients were excluded due to patient refusal. Secondly, we did not perform immune cell phenotyping using flow cytometry analysis. RT-PCR analysis with a single marker is not able to determine the true immune cell population. Third, the analysis includes a limited number of patients, only 24 patients, with a relatively short follow-up duration following intravesical BCG. This did not allow for multivariate analysis to derive reliable prognostic values. Lastly, there is the lack of data from 'controls' (healthy individuals) to indicate that the low levels of variation in the parameters tested would not randomly occur naturally. We conducted the present pilot study to explore the value of, a future prospective study enrolling a larger sample size with a longer follow-up period.
In conclusion, we analyzed detailed time-course changes during and after intravesical BCG in clinical blood/urinary tests and urine sediment-derived mRNA expression of 10 genes with immunosuppressive roles. Moreover, we explored the prognostic role of increased mRNA expression of immune suppressive markers, suggesting that larger increases in PD-L1, PD-1, FOXP3, and CD204 expression were associated with resistance to BCG treatment and poor clinical outcome. To evaluate the clinical role of MDSC in this treatment subset, more intensive study using flow cytometry analysis may be needed. A future prospective study enrolling a larger sample size with a longer follow-up period is warranted for confirming the true clinical benefit of the biomarkers identified in this study.
Supplementary Materials: The following are available online at http://www.mdpi.com/2079-9721/7/2/44/s1, Figure S1 : Time-course changes in blood inflammation markers in NMIBC patients before, during and after the treatment, Figure S2 : Time-course changes in urianalysis in NMIBC patients before, during and after the treatment, Figure S3 : Time-course changes in mRNA expression of MDSC markers in voided urine sediment from NMIBC patients before, during and after the treatment, Figure S4 : Time-course changes in mRNA expression of pan-T lymphocyte, B lymphocyte, and neutrophil makers in voided urine sediment from NMIBC patients before, during and after the treatment. The value at each treatment time point is mean ± standard deviation and compared with those at the pre-BCG baseline (indicated by '0') using the Wilcoxon signed-rank test. * p < 0.05, ** p < 0.01, *** p < 0.001.
